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Summary
Background Long-term hormone therapy has been the standard of care for advanced prostate cancer since the 1940s. 
STAMPEDE is a randomised controlled trial using a multiarm, multistage platform design. It recruits men with high-
risk, locally advanced, metastatic or recurrent prostate cancer who are starting  ﬁ rst-line long-term hormone therapy. 
We report primary survival results for three research comparisons testing the addition of zoledronic acid, docetaxel, 
or their combination to standard of care versus standard of care alone.
Methods Standard of care was hormone therapy for at least 2 years; radiotherapy was encouraged for men with 
N0M0 disease to November, 2011, then mandated; radiotherapy was optional for men with node-positive non-
metastatic (N+M0) disease. Stratiﬁ ed randomisation (via minimisation) allocated men 2:1:1:1 to standard of care 
only (SOC-only; control), standard of care plus zoledronic acid (SOC + ZA), standard of care plus docetaxel 
(SOC + Doc), or standard of care with both zoledronic acid and docetaxel (SOC + ZA + Doc). Zoledronic acid (4 mg) 
was given for six 3-weekly cycles, then 4-weekly until 2 years, and docetaxel (75 mg/m²) for six 3-weekly cycles with 
prednisolone 10 mg daily. There was no blinding to treatment allocation. The primary outcome measure was 
overall survival. Pairwise comparisons of research versus control had 90% power at 2·5% one-sided α for hazard 
ratio (HR) 0·75, requiring roughly 400 control arm deaths. Statistical analyses were undertaken with standard log-
rank-type methods for time-to-event data, with hazard ratios (HRs) and 95% CIs derived from adjusted Cox 
models. This trial is registered at ClinicalTrials.gov (NCT00268476) and ControlledTrials.com (ISRCTN78818544).
Findings 2962 men were randomly assigned to four groups between Oct 5, 2005, and March 31, 2013. Median age was 
65 years (IQR 60–71). 1817 (61%) men had M+ disease, 448 (15%) had N+/X M0, and 697 (24%) had N0M0. 165 (6%) 
men were previously treated with local therapy, and median prostate-speciﬁ c antigen was 65 ng/mL (IQR 23–184). 
Median follow-up was 43 months (IQR 30–60). There were 415 deaths in the control group (347 [84%] prostate 
cancer). Median overall survival was 71 months (IQR 32 to not reached) for SOC-only, not reached (32 to not reached) 
for SOC + ZA (HR 0·94, 95% CI 0·79–1·11; p=0·450), 81 months (41 to not reached) for SOC + Doc (0·78, 0·66–0·93; 
p=0·006), and 76 months (39 to not reached) for SOC + ZA + Doc (0·82, 0·69–0·97; p=0·022). There was no evidence 
of heterogeneity in treatment eﬀ ect (for any of the treatments) across prespeciﬁ ed subsets. Grade 3–5 adverse events 
were reported for 399 (32%) patients receiving SOC, 197 (32%) receiving SOC + ZA, 288 (52%) receiving SOC + Doc, 
and 269 (52%) receiving SOC + ZA + Doc.
Interpretation Zoledronic acid showed no evidence of survival improvement and should not be part of standard of 
care for this population. Docetaxel chemotherapy, given at the time of long-term hormone therapy initiation, showed 
evidence of improved survival accompanied by an increase in adverse events. Docetaxel treatment should become 
part of standard of care for adequately ﬁ t men commencing long-term hormone therapy.
Funding Cancer Research UK, Medical Research Council, Novartis, Sanoﬁ -Aventis, Pﬁ zer, Janssen, Astellas, 
NIHR Clinical Research Network, Swiss Group for Clinical Cancer Research.
Copyright Copyright © James et al. Open Access article distributed under the terms of CC BY.
Lancet 2016; 387: 1163–77
Published Online
December 21, 2015
http://dx.doi.org/10.1016/
S0140-6736(15)01037-5
See Comment page 1135
*Members listed at end of paper
Warwick Medical School, 
University of Warwick, 
Coventry, UK 
(Prof N D James PhD); University 
Hospitals Birmingham NHS 
Foundation Trust, The Medical 
School, University of 
Birmingham, Birmingham, UK 
(Prof N D James); MRC Clinical 
Trials Unit at UCL, London, UK 
(M R Sydes MSc, M R Spears MSc, 
A W S Ritchie MD, C Amos PhD, 
Prof M K B Parmar DPhil); 
Department of Urology, The 
Christie and Salford Royal NHS 
Foundation Trusts, Manchester, 
UK (Prof N W Clarke ChM); 
Cardiff University School of 
Medicine, Velindre Hospital, 
Cardiff, UK (Prof M D Mason MD, 
J Staffurth MD); The Institute of 
Cancer Research & Royal 
Marsden NHS Foundation 
Trust, London, UK 
(Prof D P Dearnaley MD, 
C C Parker MD, G Attard MD PhD, 
Prof J de Bono PhD); Institute of 
Cancer Sciences, University of 
Glasgow, Beatson West of 
Scotland Cancer Centre, 
Glasgow, UK (J M Russell FRCR, 
Prof R J Jones PhD); Department 
of Urology, Leeds Teaching 
Hospitals NHS Trust, Leeds 
(W Cross PhD); Department of 
Urology, University Hospital, 
Bern, Switzerland 
(Prof G Thalmann MD); Patient 
rep, MRC Clinical Trials Unit at
Articles
1164 www.thelancet.com   Vol 387   March 19, 2016
UCL, London, UK 
(D Matheson PhD, R Millman); 
Department of Oncology, 
Weston Park Hospital, Sheffield 
& Doncaster, UK 
(M Alzouebi FRCR); Kent 
Oncology Centre, Maidstone 
Hospital, Maidstone, UK 
(S Beesley FRCR); Department of 
Oncology, Rosemere Cancer 
Centre, Royal Preston Hospital, 
Preston, UK (A J Birtle MD); 
Department of Oncology, Poole 
Hospital NHS Foundation Trust 
and Royal Bournemouth 
Hospital NHS Foundation Trust 
(S Brock FRCR); Kantonsspital 
Graubünden, Chur, Switzerland 
(R Cathomas MD); Department 
of Oncology, Derby Hospitals 
NHS Foundation Trust, Royal 
Derby Hospital, Derby, UK 
(P Chakraborti FRCR); 
Department of Medical 
Oncology, Guy’s Hospital, 
London, UK (S Chowdhury MD); 
Department of Oncology, 
Cheltenham General Hospital & 
Hereford County Hospital, UK 
(A Cook FRCR); Department of 
Clinical Oncology, The Christie 
NHS Foundation Trust, 
Manchester, UK (T Elliott PhD); 
Oncology and Haematology 
Clinical Trials Unit, Queen 
Alexandra Hospital, 
Portsmouth, UK (J Gale DM); 
Department of Oncology, 
Queen’s Hospital, Romford, UK 
(S Gibbs FRCR); Beacon Centre, 
Musgrove Park Hospital, 
Taunton, UK (J D Graham FRCP); 
Department of Urology, Hull & 
East Yorkshire Hospitals NHS 
Trust, Hull, UK 
(J Hetherington FRCS[Eng]); 
Mount Vernon Group, Mount 
Vernon Hospital, Middlesex, UK 
(R Hughes FRCR); Department 
of Oncology, Royal Surrey 
County Hospital, Guildford, UK 
(R Laing FRCR); Department of 
Oncology, East Sussex 
Hospitals Trust, East Sussex, UK 
(F McKinna FRCR); Department 
of Oncology, Western General 
Hospital, Edinburgh, UK 
(D B McLaren FRCR, FRCP[Ed]); 
Centre for Cancer Research and 
Cell Biology, Queens University 
Belfast/Belfast City Hospital, 
Belfast, UK 
(Prof J M O’Sullivan MD); 
Department of Oncology, East 
Lancashire Hospitals NHS Trust, 
East Lancashire, UK 
(O Parikh FRCR); Department of 
Oncology & Radiotherapy, 
South Tees NHS Trust, 
Middlesbrough, UK 
(C Peedell FRCR); Department of
Introduction
Since October, 2005, the STAMPEDE randomised 
controlled trial has recruited men with metastatic (M1), 
high-risk localised (N0), or node-positive (N+) prostate 
cancer who were newly diagnosed or had high-risk 
recurrent disease following previous local therapy. All were 
commencing ﬁ rst-line long-term hormone therapy. 
Prognosis for these patient groups had altered little since 
the ﬁ rst description of the eﬀ ects of hormone therapy in 
the 1940s. This began to change in the early 21st century 
with licensing of agents that improved survival 
(ie, docetaxel, abiraterone, enzalutamide, cabazitaxel, 
radium-223, and sipuleucel-T),1–8 and disease-modifying 
agents that reduced morbidity (zoledronic acid and 
denosumab).9,10 However, these agents have all shown their 
beneﬁ ts in the setting of castrate-refractory prostate cancer 
(ie, after ﬁ rst-line hormone therapy has ceased working).
STAMPEDE uses a multiarm, multistage (MAMS) 
platform design to test whether the addition of 
treatments at the time of long-term hormone therapy 
initiation improves overall survival. Here, we evaluate 
and report ﬁ ndings for zoledronic acid and docetaxel; 
data for celecoxib, abiraterone, enzalutamide in 
combination with abiraterone, and (in patients with 
newly diagnosed metastatic disease only) prostate 
radiotherapy will be reported elsewhere. We have 
previously reported the celecoxib-containing groups 
which closed to recruitment early after a pre-planned 
second intermediate analysis failed to show suﬃ  cient 
eﬀ ect on failure-free survival.11 We have also previously 
reported control group outcome data for patients with 
metastatic12 and non-metastatic13 disease. We report here 
the ﬁ rst survival data for the following original groups 
in this platform trial: zoledronic acid, docetaxel, and 
their combination. Other trials have also examined 
similar strategies, both in patients with non-metastatic 
disease and in those with metastatic disease, usually 
with single drugs. A meta-analysis with other docetaxel 
and zoledronic acid-containing trials has been 
conducted and is reported separately.14
Zoledronic acid was licensed in 2002 on the basis of an 
improvement in a composite outcome measure of time 
to ﬁ rst skeletal-related event, with a risk ratio of 0·64 
(95% CI 0·49 to 0·85) in castrate-refractory prostate 
cancer, and subsequent reduction in further skeletal-
related events using the 4 mg schedule.9 There was 
limited evidence of a beneﬁ t in survival, although the 
study was underpowered. Two previous UK trials, PR04 
and PR05, used sodium clodronate in patients with non-
metastatic and metastatic disease, respectively. The PR05 
trial showed improved survival with concurrent hormone 
therapy plus clodronate but no evidence of beneﬁ t was 
seen in PR04.15
Docetaxel (75 mg/m²) 3-weekly (ie, given every 3 weeks) 
was licensed for metastatic castrate-refractory prostate 
cancer in 2004, on the basis of two trials comparing 
mitoxantrone and prednisone with docetaxel and either 
prednisone2 or estramustine.1 The median survival 
beneﬁ t observed was about 3 months, with a hazard ratio 
(HR) of 0·76 (0·62–0·94)2 for docetaxel compared with 
mitoxantrone.
Research in context
Evidence before this study
Systemic treatment has changed little for newly diagnosed 
men with high-risk locally advanced or metastatic prostate 
cancer since the development of gonadotropin-releasing 
hormone analogues a generation ago. The only major change 
has been the use of radical radiotherapy for men whose disease 
had not spread. This century, new agents began to show 
valuable activity in relapsed, metastatic, castrate-refractory 
prostate cancer—including zoledronic acid, which was 
approved in 2002 on the basis of reduced morbidity in men 
with bone metastases (a site of spread in up to 90% of 
castrate-refractory prostate cancer), and docetaxel, with 
improved survival demonstrated in 2004. Several other trials in 
addition to STAMPEDE have assessed both drugs in the newly 
diagnosed setting, most notably GETUG-15 and CHAARTED, 
which assessed docetaxel in the metastatic setting (about 60% 
of the population used in our trial). A systematic review and 
meta-analysis was done in parallel to preparation of this report 
and contains details of the review strategy.
Added value of this study
Our results for zoledronic acid show no convincing evidence of 
worthwhile beneﬁ t either on failure-free or overall survival. 
These results are congruent with emerging results from other 
trials in men starting long-term hormone therapy. The 
docetaxel results showed an improvement in overall survival 
(HR 0·78; 95% CI 0·66–0·93; p=0·006). There was a notable 
improvement in survival for the metastatic subset, which is 
consistent with ﬁ ndings from GETUG-15 and CHAARTED which 
both also showed gains in failure-free survival with docetaxel. 
GETUG-15 showed a non-signiﬁ cant improvement in overall 
survival, and CHAARTED reported a statistically signiﬁ cant 
improvement in overall survival.
Implications of all the available evidence
Together, these trials provide evidence that six cycles of 
docetaxel should be added to standard androgen deprivation 
therapy for men with metastatic disease commencing 
treatment. Men with non-metastatic disease had better 
prognoses, and failure-free survival was clearly improved by 
docetaxel; however, there were relatively few deaths in those 
with non-metastatic disease, so statements about overall 
survival in this population remain underpowered.
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The STAMPEDE trial16,17 used interim activity analyses, 
based on failure-free survival, to select groups to continue 
accrual for fully powered survival analysis. We report 
here overall, failure-free, and prostate-cancer-speciﬁ c 
survival data from the zoledronic acid and docetaxel 
groups and their combination, together with adverse 
event data and treatment after relapse.
Methods
Study design and participants
We used a MAMS platform trial approach, 
incorporating a seamless phase 2/3 design.18 The 
rationale and design have been described previously.16,17,19 
Full details are in the protocol. In summary, eligible 
patients had prostate cancer that was newly diagnosed 
as metastatic, node positive, or high-risk locally 
advanced (with at least two of T3/4, Gleason score of 
8–10, and prostate-speciﬁ c antigen ≥40 ng/mL); or 
previously treated with radical surgery, radiotherapy, or 
both and relapsing with high-risk features. All patients 
were intended for long-term hormone therapy, started 
no longer than 12 weeks before randomisation. There 
were no age restrictions; patients were required to be 
ﬁ t for chemotherapy with no clinically signiﬁ cant 
cardiovascular history.
Randomisation and masking
Patients were randomised centrally using a computerised 
algorithm, developed and maintained by the trials unit. 
Minimisation with a random element of 80% was used, 
stratifying for hospital, age at randomisation, presence of 
metastases, planned radiotherapy use, nodal involvement, 
WHO performance status, planned hormone therapy, 
and regular use of aspirin or another non-steroidal anti-
inﬂ ammatory drug. Allocation was in a 2:1:1:1 ratio to 
standard of care only (SOC-only), standard of care plus 
zoledronic acid (SOC + ZA), standard of care plus 
docetaxel (SOC + Doc), or standard of care plus zoledronic 
acid and docetaxel (SOC + ZA + Doc). Masking to 
treatment allocation was considered impracticable and of 
limited value given the primary outcome measure.
Procedures
Standard of care was hormone therapy for at least 2 years 
with gonadotropin-releasing hormone agonists or 
antagonists or, only between 2006 and 2011 for patients 
with non-metastatic disease, oral anti-androgens alone. 
Orchidectomy was an allowable alternative to drug therapy. 
No recommendations around the use of granulocyte 
colony stimulating factor with docetaxel were given. 
Radiotherapy, at 6–9 months after randomisation, was 
Figure 1: Trial proﬁ le
SOC-only=standard of care only. SOC + ZA=standard of care plus zoledronic acid. SOC + Doc=standard of care plus docetaxel. SOC + ZA + Doc=standard of care plus zoledronic acid and docetaxel.
Arm A
1184 to SOC-only
Arm B
593 to SOC+ZA
Arm C
592 to SOC+Doc
Arm E
593 to SOC+ZA+Doc
At most recent follow-up:
 694 alive with data in past year
 75 alive but no data in past year
 415 died
At most recent follow-up:
 351 alive with data in past year
 41 alive but no data in past year
 201 died
At most recent follow-up:
 377 alive with data in past year
 40 alive but no data in past year
 175 died
At most recent follow-up:
 354 alive with data in past year
 52 alive but no data in past year
 187 died
1228 included in safety analysis
 54 with no adverse event assessment 
  excluded (11 SOC-only, 3 SOC+ZA, 
  12 SOC+Doc, 28 SOC+ZA+Doc)
608 included in safety analysis
 3 with no adverse event assessment 
  excluded (3 SOC+ZA)
550 included in safety analysis
 1 with no adverse event assessment 
  excluded (1 SOC+Doc)
516 included in safety analysis
 2 with no adverse event assessment 
  excluded (2 SOC+ZA+Doc)
3983 patients enrolled and randomly assigned
1021 to other study arms or accrued after 
 March 31, 2013
1184 included in eﬃcacy analysis 593 included in eﬃcacy analysis 592 included in eﬃcacy analysis 593 included in eﬃcacy analysis
1282 received SOC-only
 1184 assigned to SOC-only
 8 assigned to SOC+ZA
 46 assigned to SOC+Doc
 44 assigned to SOC+ZA+Doc
611 received SOC+ZA
 585 assigned to SOC+ZA
 26 assigned to SOC+ZA+Doc
551 received SOC+Doc
 546 assigned to SOC+Doc
 5 assigned to SOC+ZA+Doc
518 received SOC+ZA+Doc
 518 assigned to SOC+ZA+Doc
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encouraged for patients with N0M0 disease, until 
November, 2011, then mandated; radiotherapy was optional 
for patients with N+M0 disease; staging was with the 
Union for International Cancer Control (UICC) TNM 
staging criteria. Guidance on radiotherapy techniques are 
described elsewhere.13 Zoledronic acid (4 mg) was given for 
six 3-weekly cycles, then 4-weekly until 2 years. Docetaxel 
(75 mg/m²) was given for six 3-weekly cycles with 
prednisolone (10 mg) daily, and standard premedication 
before each injection. Dose modiﬁ cations were described 
in the protocol. Trial therapy was discontinued after disease 
progression or intolerable adverse events.
Patients were followed up 6-weekly to 6 months, 
12-weekly to 2 years, 6-monthly to 5 years, then annually. 
Prostate-speciﬁ c antigen was measured at every follow-
up; further tests were at the clinician’s discretion. Nadir 
prostate-speciﬁ c antigen was the lowest value reported 
within 24 weeks after enrolment. Adverse events were 
graded with Common Toxicity Criteria (CTCAE) 
version 3.0; toxic eﬀ ects and symptoms were reported at 
regular follow-up visits. Serious adverse events, including 
serious adverse reactions, were reported accordingly. The 
trial was done in accordance with Good Clinical Practice 
guidelines and the Declaration of Helsinki, and had the 
relevant regulatory and ethics approvals (eg, in the UK 
we obtained national ethics approval, national regulatory 
approval, and local implementation). All patients gave 
written, informed consent.
Outcomes
The deﬁ nitive and intermediate primary outcome measures 
were overall survival and failure-free survival, respectively. 
Overall survival was deﬁ ned as time from randomisation to 
death from any cause. Failure-free survival, which is 
commonly used to drive decisions in the clinic, was selected 
because it is on the causal pathway to death from prostate 
cancer and was not required to be a surrogate for overall 
survival. It was deﬁ ned as time from randomisation to ﬁ rst 
evidence of at least one of: biochemical failure; progression 
either locally, in lymph nodes, or in distant metastases; or 
death from prostate cancer. Biochemical failure was deﬁ ned 
as a rise of 50% above the within-24-week nadir and above 
4 ng/mL and conﬁ rmed by retest or treatment.12 We 
expected prostate-speciﬁ c antigen failure to be the most 
common manifestation of failure-free survival events. 
Cause of death was determined by masked central review. 
Death from prostate cancer was recorded when classiﬁ ed 
by the reviewer as “deﬁ nitely” or “probably” prostate cancer. 
The site investigator’s determination was used for deaths 
not yet reviewed.
Statistical analysis
The sample size was calculated using nstage and its 
predecessor programmes in Stata, which enables design 
of MAMS trials.20 Assuming, for the control group, 
2 years’ median failure-free survival, and median overall 
survival between 4 and 5 years, we targeted a 25% relative 
Standard of care 
(n=1184)
Standard of care 
plus zoledronic 
acid (n=593)
Standard of care 
plus docetaxel 
(n=592)
Standard of care 
plus zoledronic 
acid and docetaxel 
(n=593)
Age, years
Median (IQR) 65 (60–70) 66 (61–71) 65 (61–71) 66 (60–70)
Range 41–82 42–82 40–81 42–84
Prostate-speciﬁ c antigen (ng/mL)
Median (IQR) 67 (23–200) 59 (22–172) 70 (27–181) 63 (21–183)
Range 0–15747 0–13300 1–9999 1–8503
Days from diagnosis
Median (IQR) 75 (55–99) 76 (56–101) 76 (56–99) 76 (56–100)
Range 0–4070 1–4174 3–5033 6–4485
Missing 5 8 7 6
Pain from prostate cancer
Absent 984 (85%) 496 (84%) 490 (84%) 483 (84%)
Present 179 (15%) 93 (16%) 96 (16%) 94 (16%)
Missing 21 4 6 16
T category at randomisation
T0 7 (1%) 3 (1%) 2 (0%) 2 (0%)
T1 21 (2%) 7 (1%) 0 (0%) 5 (1%)
T2 113 (10%) 53 (9%) 60 (10%) 67 (11%)
T3 756 (64%) 395 (67%) 390 (66%) 371 (63%)
T4 211 (18%) 92 (16%) 105 (18%) 100 (17%)
TX 76 (6%) 43 (7%) 35 (6%) 48 (8%)
N category at randomisation
N0 522 (44%) 258 (44%) 260 (44%) 265 (45%)
N+ 594 (50%) 303 (51%) 298 (50%) 293 (49%)
NX 68 (6%) 32 (5%) 34 (6%) 35 (6%)
Metastases
None 460 (39%) 227 (38%) 230 (39%) 228 (38%)
Any metastases 724 (61%) 366 (62%) 362 (61%) 365 (62%)
Bone metastases 634 (54%) 302 (51%) 307 (52%) 310 (52%)
Liver metastases 15 (1%) 12 (2%) 6 (1%) 9 (2%)
Lung metastases 33 (3%) 17 (3%) 13 (2%) 14 (2%)
Nodal metastases 220 (19%) 120 (20%) 102 (17%) 116 (20%)
Other metastases 46 (4%) 33 (6%) 25 (4%) 21 (4%)
Broad disease grouping
Newly diagnosed N0M0 256 (22%) 120 (20%) 131 (22%) 131 (22%)
Newly diagnosed N+M0 171 (14%) 88 (15%) 86 (15%) 76 (13%)
Newly diagnosed M1 690 (58%) 351 (59%) 347 (59%) 350 (59%)
Previously treated M0 33 (3%) 19 (3%) 13 (2%) 21 (4%)
Previously treated M1 34 (3%) 15 (3%) 15 (3%) 15 (3%)
Gleason sum score
≤7 282 (24%) 122 (21%) 110 (19%) 117 (20%)
8–10 810 (68%) 421 (71%) 436 (74%) 425 (72%)
Unknown 92 (8%) 50 (8%) 46 (8%) 51 (9%)
Aspirin or NSAID use
No 891 (75%) 448 (76%) 444 (75%) 445 (75%)
Yes 293 (25%) 145 (24%) 148 (25%) 148 (25%)
Planned or current hormone therapy*
Orchidectomy 5 (0%) 4 (1%) 2 (0%) 3 (1%)
LHRH-based 1166 (98%) 581 (98%) 581 (98%) 582 (98%)
Bicalutamide 11 (1%) 7 (1%) 9 (2%) 8 (2%)
(Table 1 continues on next page)
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improvement (HR 0·75) in both failure-free survival and 
overall survival for each comparison of research group 
with control. Accumulating data were reviewed by an 
Independent Data Monitoring Committee, guided by 
lack-of-beneﬁ t stopping guidelines.16–18 The eﬃ  cacy stage 
analysis of each pairwise comparison of research against 
control for overall survival required around 400 deaths in 
the control arm for 90% power and 2·5% one-sided α 
(corresponding to a two-sided α of 5%), accounting for 
three intermediate analyses on failure-free survival 
(analysed March, 2010, April, 2011, and May, 2012). The 
research groups within STAMPEDE were seen to test 
distinct hypotheses, and the trial was purposely not 
designed as a factorial trial.17 In this situation, many 
methodologists would not be concerned about the family-
wise error rate.3,21–23 However, for completeness we 
calculated the maximum family-wise error rate as 6·75% 
for these three research groups.
Patients without the event of interest were censored at 
the time last known to be event free. Standard survival 
analysis methods were used to analyse time-to-event data. 
Cox proportional hazards regression models were used to 
estimate most relative treatment eﬀ ects. This model was 
adjusted for stratiﬁ cation factors (except hospital and 
planned hormone therapy), and stratiﬁ ed by time periods 
deﬁ ned by addition of a new research group or end in 
recruitment to an ongoing research group. An HR below 
1·00 favoured the research group. Flexible parametric 
models were constructed with 4 degrees of freedom for 
each of the baseline hazard function and time-dependent 
eﬀ ect, and adjusted for stratiﬁ cation factors and time 
periods.24 Medians and 5-year estimates come from the 
ﬂ exible parametric model ﬁ tted to the data; these are 
more reliable than reading the Kaplan-Meier curves. The 
proportional hazards assumption was tested; restricted 
mean survival time was emphasised in the presence of 
non-proportionality. Fine and Gray regression models 
were used for competing risk analysis of prostate-cancer-
speciﬁ c survival (non-metastatic prostate-cancer-speciﬁ c 
survival analyses did not adjust for time period due to 
lack of convergence). Prespeciﬁ ed analyses looked at 
consistency of treatment eﬀ ect within stratiﬁ cation 
factors, over time period, and also by categorised Gleason 
score (≤7, 8+, unknown), recurrent disease, and prostate-
speciﬁ c antigen values before hormone therapy. The 
statistical analysis plan was modiﬁ ed to include an 
analysis of the subset of patients with metastatic disease 
at randomisation after the presentation of CHAARTED25 
and GETUG-1526 and before this primary analysis was 
performed. All tests were two-sided, with conﬁ dence 
intervals given at the 95% level.
Median follow-up was determined through the standard 
approach of reverse-censoring on death, in which survival 
is treated as the event and death as censoring. All patients 
are included in the eﬃ  cacy analyses according to allocated 
treatment on an intention-to-treat basis. Adverse event 
data are shown for the safety population, comprising 
patients who received any study drug and underwent 
adverse event assessment, and analysed according to 
treatment initiated irrespective of study group assignment; 
a sensitivity analysis of safety was done on an intention-to-
treat basis. Safety data were assessed continuously; we also 
present a safety analysis at 1 year, chosen to assess whether 
chemotherapy side-eﬀ ects had ameliorated by this 
timepoint. A formal comparison of those research groups 
showing a survival advantage, compared with SOC-only, 
Standard of care 
(n=1184)
Standard of care 
plus zoledronic 
acid (n=593)
Standard of care 
plus docetaxel 
(n=592)
Standard of care 
plus zoledronic 
acid and docetaxel 
(n=593)
(Continued from previous page)
Maximum androgen 
blockade
2 (0%) 1 (0%) 0 (0%) 0 (0%)
Time to starting hormone therapy (days)
Median (IQR) –41 (–63 to –20) –40 (–62 to –20) –43 (–66 to –21) –43 (–63 to –22)
Range –105 to 77 –193 to 32 –108 to 45 –142 to 28
Missing 1 0 2 0
Planned anti-androgen use
No 102 (9%) 67 (12%) 52 (9%) 57 (10%)
Short-term anti-androgen 876 (76%) 420 (72%) 437 (75%) 434 (75%)
Long-term anti-androgen 178 (15%) 95 (16%) 92 (16%) 91 (16%)
Missing 28 11 11 11
Radiotherapy planned
No 844 (71%) 421 (71%) 424 (72%) 423 (71%)
Yes 340 (29%) 172 (29%) 168 (28%) 170 (29%)
Does patient smoke?
No 1006 (87%) 492 (84%) 506 (86%) 496 (84%)
Yes 157 (13%) 93 (16%) 81 (14%) 92 (16%)
Missing on assessment 16 6 4 4
Assessment not received 5 2 1 1
Does patient have diabetes
No 1058 (90%) 544 (92%) 535 (91%) 516 (88%)
Yes, type 1 29 (2%) 11 (2%) 26 (4%) 16 (3%)
Yes, type 2 89 (8%) 36 (6%) 30 (5%) 57 (10%)
Missing on assessment 3 0 0 3
Assessment not received 5 2 1 1
Myocardial infarction
No 1146 (97%) 578 (98%) 575 (98%) 571 (97%)
Yes, but still ﬁ t for trial 31 (3%) 13 (2%) 14 (2%) 18 (3%)
Missing on assessment 2 0 2 3
Assessment not received 5 2 1 1
Cerebrovascular disease
No 1164 (99%) 579 (98%) 583 (99%) 580 (98%)
Yes, but still ﬁ t for trial 13 (1%) 12 (2%) 6 (1%) 9 (2%)
Missing on assessment 2 0 2 3
Assessment not received 5 2 1 1
Congestive heart failure
No 1172 (100%) 588 (99%) 588 (100%) 589 (100%)
Yes, but still ﬁ t for trial 5 (0%) 3 (1%) 2 (0%) 0 (0%)
Missing on assessment 2 0 1 3
Assessment not received 5 2 1 1
(Table 1 continues on next page)
For the STAMPEDE trial 
protocol see http://www.
stampedetrial.org
For the Common Toxicity 
Criteria see http://ctep.cancer.
gov/protocolDevelopment/
electronic_applications/docs/
ctcaev3.pdf
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was done, and a pre-planned factorial analysis (without an 
interaction term) is included for completeness. Data on 
ﬁ rst skeletal-related event and osteonecrosis of the jaw are 
also presented. All other analyses are exploratory. Statistical 
analyses were done with Stata version 14 and nstage. The 
trial is registered at ClinicalTrials.gov (NCT00268476) and 
ControlledTrials.com (ISRCTN78818544).
Role of the funding source
The trial was sponsored by the MRC and conducted by the 
MRC Clinical Trials Unit at UCL with the Swiss Group for 
Clinical Cancer Research. MRC employees were central to 
the conduct of the trial and the development of this 
manuscript. Only authors MRSp and MRSy had access to 
raw data; processed data released by the Independent Data 
Monitoring Committee and Trial Steering Committee 
were available to all coauthors. Cancer Research UK (MRC 
PR08, CRUK/06/019) approved, but had no further input 
into, the trial design. Pﬁ zer, Novartis, and Sanoﬁ -Aventis 
approved the initial and amended trial design and 
participated in discussions on the progress of the trial. 
Representatives from these industry partners were invited 
to comment on the report. The analyses were driven by 
prespeciﬁ ed criteria and the decision to submit for 
publication was made by the Trial Management Group.
Results
Between Oct 5, 2005, and March 31, 2013, 2962 patients 
were randomised from more than 100 UK and Swiss 
sites: 1184 to SOC-only, 593 SOC + ZA, 592 SOC + Doc, 
and 593 SOC + ZA + Doc. Data were frozen on May 13, 
2015, with a cutoﬀ  of March 4, 2015. The appendix shows 
an overview of the broader trial design and groups 
recruiting over time, whereas ﬁ gure 1 shows the 
CONSORT ﬂ ow diagram for analyses presented here. 
Table 1 gives baseline characteristics of these patients. 
Median follow-up was 43 months (IQR 30–60). Most 
patients (94%) were newly diagnosed. 1738 (62%) of 
2797 newly diagnosed patients had metastatic disease at 
entry, compared with 79 (48%) of 165 patients with 
recurrent disease. Median age was 65 years (IQR 60–71), 
median prostate-speciﬁ c antigen 65 ng/mL (IQR 23–184), 
and 2092 (71%) patients were Gleason score 8–10.
Median time to starting zoledronic acid was about 
2 weeks after randomisation, and about 8 weeks from 
starting hormone therapy (most patients started hormone 
therapy before randomisation). Median duration of 
zoledronic acid was 16·6 months (IQR 7·8–23·2) for 
SOC + ZA and 19·5 months (IQR 9·1–23·4) for 
SOC + ZA + Doc, with the diﬀ erence in duration being 
driven by diﬀ erences in time to progression (table 2). Of 
patients allocated to receive zoledronic acid as part of trial 
treatment, overall about 40% of patients completed 2 years 
of zoledronic acid therapy (table 2). When less than 2 years 
of treatment was received, progression was the most 
common reason for stopping. Zoledronic acid was not 
started in eight (1%) patients assigned to SOC + ZA and 
49 (8%) patients assigned to SOC + ZA + Doc, mostly due 
to treatment refusal.
Median time to starting docetaxel was about 2 weeks 
after randomisation and 9 weeks after starting hormone 
therapy. Of patients allocated to receive docetaxel as part 
of trial treatment, 456 (77%) patients assigned to 
SOC + Doc and 422 (71%) to SOC + ZA + Doc received the 
full six cycles, whereas 477 (81%) assigned to SOC + Doc 
and 446 (75%) to SOC + ZA + Doc received at least ﬁ ve 
cycles (table 3). When ﬁ ve or fewer cycles were reported, 
toxic eﬀ ects were the most common reason for stopping 
(table 3), with few patients reporting stopping for disease 
progression. Docetaxel was not started in 46 (8%) patients 
Standard of care 
(n=1184)
Standard of care 
plus zoledronic 
acid (n=593)
Standard of care 
plus docetaxel 
(n=592)
Standard of care 
plus zoledronic 
acid and docetaxel 
(n=593)
(Continued from previous page)
Angina
No 1138 (97%) 567 (96%) 574 (97%) 569 (97%)
Yes, but still ﬁ t for trial 39 (3%) 24 (4%) 17 (3%) 20 (3%)
Missing on assessment 2 0 0 3
Assessment not received 5 2 1 1
Hypertension
No 741 (63%) 384 (65%) 383 (65%) 385 (65%)
Yes, but still ﬁ t for trial 437 (37%) 206 (35%) 208 (35%) 204 (35%)
Missing on assessment 1 1 0 3
Assessment not received 5 2 1 1
Data are median (IQR), range, or n (%). NSAID=non-steroidal anti-inﬂ ammatory drug. LHRH=luteinising hormone-
releasing hormone. *Further information provided in the appendix.
Table 1: Baseline characteristics
Standard of care plus 
zoledronic acid (n=593)
Standard of care plus 
zoledronic acid and 
docetaxel (n=593)
Numbers reporting starting 585 (99%) 544 (92%)
Numbers not reporting starting 8 (1%) 49 (8%)
Time to starting from randomisation, weeks 1·9 (1·0–2·9) 2·4 (1·6–3·7)
Time from starting hormone therapy to starting 
zoledronic acid, weeks
8·0 (5·0–11·3) 8·6 (5·9–11·9)
Time from starting to last administration, months 16·6 (7·8–23·2) 19·5 (9·1–23·4)
Reported reasons for stopping (if started):
Treatment complete 206 (35%) 218 (40%)
Progressive disease 231 (39%) 119 (22%)
Toxicity 43 (7%) 66 (12%)
Unknown 38 (6%) 41 (8%)
Treatment refusal* 26 (4%) 46 (8%)
Dental treatment 11 (2%) 23 (4%)
Death 15 (3%) 13 (2%)
Intercurrent illness 5 (1%) 12 (2%)
Other 10 (2%) 6 (1%)
*Including treatment refusal, patient decision, clinician decision, administrative reasons, and withdrawal from trial.
Table 2: Treatment with zoledronic acid
See Online for appendix
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assigned to SOC + Doc and 70 (12%) to SOC + ZA + Doc, 
again mostly due to treatment refusal, patient choice, or 
withdrawal from the trial.
Planned use of standard of care radiotherapy was 
similar across groups (28–29%), with reported use being 
323 (27%) patients for SOC-only; 155 (26%) for SOC + ZA; 
154 (26%) for SOC + Doc; and 148 (25%) for 
SOC + ZA + Doc. In patients with non-metastatic disease, 
62% were planned for radiotherapy, with the 
corresponding ﬁ gures for reported use being 289 (63%) 
for SOC-only, 136 (60%) for SOC + ZA, 131 (57%) for 
SOC + Doc, and 130 (57%) for SOC + ZA + Doc; higher 
proportions of N0 than N+ patients received radiotherapy 
(appendix page 9).
There were 415 deaths (347 prostate cancer deaths; 
84%) in patients receiving SOC-only; median survival 
was 71 months (IQR 32 to not reached) and 5-year 
survival was 55%. These data form the reference for each 
comparison of research group with control.
201 patients in the SOC + ZA group died (169 prostate 
cancer; 84%), with no evidence of a survival advantage 
compared with SOC-only (HR 0·94, 95% CI 0·79–1·11; 
p=0·450); median survival was not reached (IQR 32 to 
not reached), and 5-year survival was 57%. However, 
there was evidence of a survival advantage for SOC + Doc 
(HR 0·78, 95% CI 0·66–0·93; p=0·006) with 175 deaths 
(143 prostate cancer; 82%), median survival 81 months 
(IQR 41 to not reached), and 5-year survival of 63%. 
There was also evidence of survival advantage for 
SOC + ZA + Doc (HR 0·82, 95% CI 0·69–0·97; p=0·022) 
with 187 deaths (150 prostate cancer; 80%), median 
survival 76 months (IQR 39 to not reached), and 5-year 
survival of 60%. There was no evidence of non-
proportional hazards. Plots for survival are shown in 
ﬁ gure 2.
We found no evidence of heterogeneity of treatment 
eﬀ ect across predeﬁ ned subsets (ﬁ gure 3). Pre-planned 
subset analyses in all 1817 patients with metastatic 
disease at randomisation included around 500 deaths per 
comparison. This included 350 deaths in patients on 
SOC-only (median survival 45 months [IQR 23–91], 
5-year survival 39%). There were 170 deaths on SOC + ZA 
(HR 0·93, 95% CI 0·77–1·11; p=0·416), with median 
survival 46 months (IQR 24 to not reached) and 5-year 
survival of 43%. There were 144 deaths on SOC + Doc 
(HR 0·76, 95% CI 0·62–0·92; p=0·005), with median 
survival 60 months (IQR 27–103) and 5-year survival of 
50% (appendix page 5). Finally, there were 158 deaths on 
SOC + ZA + Doc (HR 0·79, 95% CI 0·66–0·96; p=0·015), 
with median survival 55 months (IQR 29–88) and 5-year 
survival of 46%. Similar comparisons in patients without 
metastatic disease at randomisation are immature at this 
time, with fewer than 100 deaths per comparison.
Comparing the two research groups that demonstrated a 
survival advantage over the control group (SOC + Doc and 
SOC + ZA + Doc), we noted no evidence of an advantage 
when adding zoledronic acid to docetaxel (HR 1·06, 95% CI 
0·86–1·30; p=0·592). In an exploratory analysis of the 
eﬀ ect of docetaxel on survival in the context of zoledronic 
acid (ie, comparing SOC + ZA with SOC + ZA + Doc), the 
hazard ratio was 0·87 (95% CI 0·71–1·06). Analysis of the 
main eﬀ ects of zoledronic acid and docetaxel in a single 
factorial model, without a treatment-interaction term, 
showed docetaxel to be associated with a survival advantage 
(HR 0·82, 95% CI 0·72–0·93; p=0·003), but not zoledronic 
acid (HR 0·98, 95% CI 0·86–1·11; p=0·726). An exploratory 
factorial model, including an interaction term, found no 
evidence of treatment interaction (p=0·401); the individual 
treatment eﬀ ects were the same as in the pairwise 
comparisons.
Figure 2 shows the failure-free survival plot for each 
research comparison, and the appendix page 10 shows 
the form of that failure-free survival event. There were 
761 events in patients on SOC-only; median failure-free 
survival 20 months; 5-year failure-free survival 28%. 
With 374 events there was no evidence of improvement 
in failure-free survival with SOC + ZA (HR 0·92, 95% CI 
0·81–1·04; p=0·198); median failure-free survival was 
22 months and 5-year failure-free survival was 31%. 
Standard of care 
plus docetaxel 
(n=592)
Standard of care 
plus zoledronic 
acid and docetaxel 
(n=593)
Numbers reporting starting 546 (92%) 523 (88%)
Numbers not reporting starting 46 (8%) 70 (12%)
Time to starting from 
randomisation, weeks
2·1 (1·6–3·1) 2·4 (1·6–3·7)
Time from starting hormone 
therapy to starting docetaxel, 
weeks
8·6 (5·6–11·9) 8·7 (5·9–11·7)
Number of cycles reported:
0 46 (8%) 70 (12%)
1 27 (5%) 22 (4%)
2 17 (3%) 19 (3%)
3 12 (2%) 18 (3%)
4 13 (2%) 18 (3%)
5 21 (4%) 24 (4%)
6 456 (77%) 422 (71%)
Reported reasons for stopping 
(if started):
Treatment complete 454 (83%) 423 (81%)
Toxicity 72 (13%) 66 (13%)
Treatment refusal* 6 (1%) 8 (2%)
Progressive disease 5 (1%) 8 (2%)
Intercurrent illness 5 (1%) 7 (1%)
Death 2 (0%) 5 (1%)
Unknown 2 (0%) 5 (1%)
Dental treatment 0 (0%) 1 (0%)
*Including treatment refusal, patient decision, clinician decision, and withdrawal 
from trial. Not all patients who reported stopping reason as “treatment 
complete” reported six cycles; similarly, not all patients reporting six cycles 
reported stopping reason as “treatment complete”.
 Table 3: Treatment with docetaxel
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There was, however, evidence of an improvement in 
failure-free survival both for SOC + Doc, with 315 events 
(HR 0·61, 95% CI 0·53–0·70; p=0·413 × 10–¹³), median 
failure-free survival 37 months, and 5-year failure-free 
survival 38%; and for SOC + ZA + Doc, with 318 events 
(HR 0·62, 95% CI 0·54–0·70; p=0·134 × 10–¹²), median 
failure-free survival 36 months, 5-year failure-free 
survival 34%. There was strong evidence of non-
proportional hazards for both comparisons showing an 
improvement in failure-free survival (SOC + Doc and 
SOC + ZA + Doc). In these cases, restricted mean survival 
time is preferred to the hazard ratio for summarising the 
treatment eﬀ ect. Mean failure-free survival, restricted to 
the ﬁ rst 84 months on trial, was 34·8 months on SOC-
only, compared to 44·2 months on SOC + Doc (diﬀ erence 
9·4 months, 95% CI 6·6–12·3; p=0·556 × 10–¹⁰) and 
compared to 43·1 months on SOC + ZA + Doc (diﬀ erence 
8·3 months, 95% CI 5·5–11·1; p=0·480 × 10–⁸).
Figure 2: Failure-free and overall survival
Figure shows Kaplan-Meier curves and ﬂ exible parametric models ﬁ tted to the data. Number at risk (events) shows the number of individuals at risk (ie, the number who were event free) at each 
timepoint, with parentheses showing the number of individuals who developed events in the period between each timepoint. SOC-only=standard of care only. SOC + ZA=standard of care plus 
zoledronic acid. SOC + Doc=standard of care plus docetaxel. SOC + ZA + Doc=standard of care plus zoledronic acid and docetaxel.
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As with survival, there was no evidence of heterogeneity 
in failure-free survival across the same predeﬁ ned 
subsets (appendix page 3). Considering metastatic status 
subsets, treatment eﬀ ect was broadly consistent within 
both non-metastatic and metastatic populations, for all 
research comparisons, and indicated that docetaxel 
improved failure-free survival for non-metastatic disease 
(HR 0·60, 95% CI 0·45–0·80; p=0·283 × 10–³) as for 
metastatic disease (HR 0·61, 95% CI 0·53–0·71; 
p=0·283 × 10–¹⁰).
At the time of this analysis, a total of 978 men had died, 
809 (83%) from prostate cancer. The proportion of deaths 
attributed to prostate cancer was increased in men 
presenting with metastases: 703 (86%) of 822 deaths in 
the 1817 men presenting with metastases, compared with 
106 (68%) of 156 deaths in 1145 men presenting without 
metastases. Adjusted competing risks regression for 
prostate-cancer-speciﬁ c survival showed an advantage 
over SOC-only for SOC + Doc (subHR 0·79, 95% CI 
0·65–0·96; p=0·019) and SOC + ZA + Doc (0·78, 
0·65–0·95; p=0·013), but not SOC + ZA (0·95, 0·79–1·15; 
p=0·613). For patients with metastatic disease, the 
subHR for SOC + Doc was 0·80 (95% CI 0·65–0·99; 
p=0·033), for SOC + ZA was 0·92 (0·75–1·12), and for 
SOC + ZA + Doc was 0·78 (0·64–0·96); for patients with 
non-metastatic disease, the subHR for SOC + Doc was 
0·82 (95% CI 0·48–1·40; p=0·475), for SOC + ZA was 
1·08 (0·66–1·76), and for SOC + ZA + Doc was 0·81 
(CI 0·46–1·43). We noted particularly limited power for 
subset analyses at this time for both settings.
Amongst patients randomly assigned to SOC-only, 
328 of 1184 reported at least one skeletal-related event. 
Time to ﬁ rst skeletal-related event was improved with 
SOC + Doc (112 patients reported skeletal-related event; 
HR 0·60, 95% CI 0·48–0·74; p=0·127 × 10–⁵) and 
SOC + ZA + Doc (108 patients; HR 0·55, 95% CI 
0·44–0·69; p=0·277 × 10–⁷), but not SOC + ZA 
(153 patients; HR 0·89, 95% CI 0·73–1·07; p=0·221). 
There was strong evidence of non-proportional hazards 
for both comparisons showing improvement in 
time to ﬁ rst skeletal-related event (SOC + Doc and 
SOC + ZA + Doc). In these cases, restricted mean survival 
time is preferred for summarising treatment eﬀ ect. 
Mean time to skeletal-related event, restricted to within 
the ﬁ rst 84 months on trial, was 61·4 months (95% CI 
59·5–63·2) on SOC-only, compared with 68·0 months 
on SOC + Doc (diﬀ erence 6·6 months, 95% CI 3·6–9·6; 
Figure 3: Forest plots of treatment eﬀ ect on survival within subsets
Data are deaths/N or HR (95% CI). All p values were statistically non-signiﬁ cant. 
For SOC-only vs SOC + ZA, all p>0·09, PSA p=0·116, time-period p=1·000. For 
SOC-only vs SOC + Doc, all p>0·06, PSA p=0·589, time-period p=1·000. For 
SOC-only vs SOC + ZA + Doc, all p>0·23 except previously treated p=0·023, PSA 
p=0·254, time-period p=1·000. X axis provided with natural log scaling. 
SOC-only=standard of care only. SOC + ZA=standard of care plus zoledronic acid. 
SOC + Doc=standard of care plus docetaxel. SOC + ZA + Doc=standard of care plus 
zoledronic acid and docetaxel. PSA=prostate-speciﬁ c antigen. NSAID=non-
steroidal anti-inﬂ ammatory drug. 
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p=0·177 × 10–⁴) and 68·3 (65·6–70·3) on SOC + ZA + Doc 
(diﬀ erence 6·9 months, 95% CI 4·1–9·8; p=0·249 × 10–⁵). 
In the patient group with bone metastases at presentation, 
SOC + ZA similarly had no evidence of an eﬀ ect 
(HR 0·94, 95% CI 0·76–1·16; p=0·564).
Figure 4 shows time to ﬁ rst of any treatment after a 
failure-free survival event and time to ﬁ rst life-extending 
therapy (deﬁ ned as available agents with proven survival 
gain in castrate-refractory prostate cancer: docetaxel, 
abiraterone, cabazitaxel, enzalutamide, and radium-223). 
There were no obvious diﬀ erences either in time to any 
therapy or life-extending therapies between groups. There 
were however, diﬀ erences in the pattern of therapy 
depending on whether patients were docetaxel-exposed 
upfront (ﬁ gure 4). Analysis of zoledronic acid use after 
relapse is provided in the appendix page 7. Overall 
exposure to treatment for progression is summarised in 
table 4, showing slightly higher rates of exposure to 
subsequent therapy in the control group. Use of 
cabazitaxel, enzalutamide, and radium-223 were low 
across all groups (appendix page 6).
The proportion of patients reporting worst adverse event 
ever as grade 3 or higher was highest with SOC + Doc 
(288 patients [52%]) and SOC + ZA + Doc (269 [52%]; 
table 5). This was mostly due to events during the ﬁ rst 
6 months on trial, when the proportions were 17% (n=203) 
for SOC-only, 15% (n=91) for SOC + ZA, 36% (n=198) for 
SOC + Doc, and 39% (n=202) for SOC + ZA + Doc, with 
docetaxel seeming to contribute the most toxicity. For 
1998 patients with adverse event data around 1 year after 
randomisation (ie, worst adverse event grade reported at 
48 or 60 weeks of follow-up), the proportions of grade 3 or 
higher toxic eﬀ ects were balanced, with 10% (n=76) patients 
reporting a worst adverse event as grade 3 or higher with 
SOC-only, 10% (n=41) with SOC + ZA, 10% with (n=43) 
SOC + Doc, and 12% (n=49) with SOC + ZA + Doc. The 
pattern and levels of adverse events were similar in the 
safety and intention-to-treat populations. There were ten 
Figure 4: Time to treatment after progression
Figure shows treatments ever used at relapse, at the discretion of the treating clinician, by group, cumulative incidence curves. (A) Time to any treatment after 
progression. (B) Time to any life-prolonging treatment after progression. (C) Time to docetaxel after progression. (D) Time to abiraterone after progression. 
SOC-only=standard of care only. SOC + ZA=standard of care plus zoledronic acid. SOC + Doc=standard of care plus docetaxel. SOC + ZA + Doc=standard of care plus 
zoledronic acid and docetaxel. FFS=failure-free survival.
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(2%) reported cases of osteonecrosis of the jaw on SOC + ZA 
and 20 (4%) on SOC + ZA + Doc. There were eight deaths 
probably or possibly related to the research treatment: one 
on SOC + Doc (neutropenic sepsis), and seven on 
SOC + ZA + Doc (four neutropenic sepsis, one pneumo-
cystic pneumonia, one interstitial pneumonitis, and one 
pneumonia).
Discussion
The STAMPEDE randomised controlled trial is 
investigating the eﬀ ectiveness of the front-line use of 
various treatments in men commencing long-term 
hormone therapy for newly diagnosed locally advanced 
or metastatic prostate cancer, or who have relapsed after 
local therapy with poor prognosis features. The MAMS 
design used in STAMPEDE has allowed us to address 
multiple treatment questions simultaneously within a 
single trial platform.18 We will report further randomised 
comparisons from STAMPEDE in the coming years 
(appendix page 2), meaning that, through this single 
protocol, we will have answered at least eight diﬀ erent 
primary questions in 15 years. To have addressed as 
many questions in separate, sequential trials would have 
taken many decades and far more patients, notably 
allocated to control groups. We recommend that 
academic and industry researchers consider this design 
in the future, to make faster progress and good use of 
limited trial resources.
These are the ﬁ rst mature, comparative, randomised 
data to emerge from the trial. We found that the addition 
of docetaxel to standard of care was associated with 
improved survival, with an HR of 0·78 and a diﬀ erence 
in median survival of 10 months, as well as improvements 
in prostate-cancer-speciﬁ c survival, failure-free survival, 
and skeletal-related events. The combination of 
zoledronic acid and docetaxel was associated with similar 
improvements, although the beneﬁ t observed was 
smaller. We will report cost-eﬀ ectiveness and patient-
reported outcomes separately.
Docetaxel is a widely used drug with a familiar toxicity 
proﬁ le. Docetaxel was well tolerated in this population, 
with most patients completing all six cycles in a 
timely fashion and good dose intensity. Predictable 
chemotherapy toxic eﬀ ects, including neutropenia and 
febrile neutropenia, were observed but few patients 
stopped treatment because of side-eﬀ ects. Toxic eﬀ ects in 
both docetaxel-containing groups seemed higher than in 
previous studies of this drug in patients with castrate-
refractory prostate cancer (eg, TAX327), but the studies 
have used diﬀ erent populations.27,28 The protocol made 
no recommendations about growth factor support, and 
we have not collected information about its use.29,30
Docetaxel signiﬁ cantly prolonged failure-free and 
overall survival across the trial population with no 
evidence that the eﬀ ect varied across diﬀ erent groups in 
the population; in particular, there is no evidence of a 
diﬀ erence of the eﬀ ect of docetaxel by metastatic status, 
for either of these outcome measures. The beneﬁ cial 
eﬀ ect on survival is clear in the larger metastatic 
subpopulation, which accounted for 61% of patients in 
the trial and 84% of deaths. There were fewer patients 
with non-metastatic disease and, with their generally 
more favourable prognosis, there were relatively few 
deaths in this group; all survival analyses for this subset 
are currently underpowered. In this non-metastatic 
subset of men, death from causes other than prostate 
cancer was more common than in men with metastatic 
disease, and therefore any eﬀ ect of docetaxel on overall 
survival will be diluted. We will report longer-term 
follow-up in due course, but note that estimates of the 
treatment eﬀ ect in failure-free survival and 
prostate-cancer-speciﬁ c survival are extremely similar for 
patients with and without metastases at presentation.
For zoledronic acid, the results show no evidence of 
eﬃ  cacy on failure-free survival, skeletal-related events, 
or overall survival, despite good compliance with 
therapy and good levels of exposure, with target duration 
of 2 years. Few patients stopped treatment for side-
eﬀ ects; the most frequent reason for stopping trial 
therapy within 2 years was disease progression. This 
diﬀ ered between the SOC + ZA and SOC + ZA + Doc 
groups because failure-free survival was increased in 
the latter group by docetaxel, indirectly leading to 
increased exposure to zoledronic acid as well. Despite 
this increased exposure, zoledronic acid showed no 
Standard of 
care
Standard of 
care plus 
zoledronic acid
Standard of 
care plus 
docetaxel
Standard of care 
plus zoledronic 
acid and 
docetaxel
Patients with progression 761 374 315 318
Reported new treatment 671 (88%) 303 (81%) 260 (83%) 257 (81%)
Reported (new) life-extending treatment 383 (50%) 172 (46%) 139 (44%) 136 (43%)
Life-extending treatment
Docetaxel 313 (41%) 136 (36%) 44 (14%) 49 (15%)
Abiraterone 177 (23%) 72 (19%) 89 (28%) 88 (28%)
Enzalutamide 66 (9%) 18 (5%) 25 (8%) 26 (8%)
Cabazitaxel 26 (3%) 14 (4%) 22 (7%) 30 (9%)
Radium-223 6 (1%) 1 (0%) 6 (2%) 3 (1%)
Other treatments
Anti-androgens 512 (67%) 234 (63%) 181 (57%) 174 (55%)
Zoledronic acid 128 (17%) 50 (13%) 35 (11%) 36 (11%)
Dexamethasone 104 (14%) 42 (11%) 39 (12%) 29 (9%)
Diethylstilbestrol (also known as 
stilboestrol)
84 (11%) 43 (11%) 38 (12%) 41 (13%)
Prednisolone 72 (9%) 22 (6%) 28 (9%) 23 (7%)
Other chemotherapy* 26 (3%) 17 (5%) 21 (7%) 15 (5%)
Other bisphosphonate† 22 (3%) 3 (1%) 8 (3%) 5 (2%)
Strontium 12 (2%) 3 (1%) 2 (1%) 4 (1%)
Cox-2 inhibition 0 (0%) 1 (0%) 0 (0%) 0 (0%)
*Not docetaxel or cabazitaxel. †Not zoledronic acid
 Table 4: Treatments ever used at relapse, at the discretion of the treating clinician
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evidence of an advantage when added to docetaxel 
(HR 1·06).
The eﬀ ect of docetaxel on survival was positive, but 
clinically signiﬁ cant toxicity did occur; in clinical practice, 
consideration could be given to early use of growth factor 
support to enable treatment delivery. There was one 
treatment-related death in the SOC + Doc group and 
seven in the combination group. This diﬀ erence, 
combined with a more modest survival beneﬁ t for the 
combination treatment, raises the possibility of some 
interaction (or antagonism) between docetaxel and 
zoledronic acid in the treatment of this group of men.
A number of trials have now examined docetaxel in the 
hormone-naive context in both the non-metastatic and 
metastatic settings, of which STAMPEDE is the 
largest.25,26,31–34 These ﬁ ndings are discussed elsewhere but 
consistently show an improvement in failure-free 
survival.14 The CHAARTED trial25 recently reported 
improved survival in metastatic disease whereas 
GETUG-15,26 a similar trial, did not report a diﬀ erential 
eﬀ ect. Taken with our results, there is compelling evidence 
that front-line docetaxel substantially improves survival in 
patients with metastatic disease. In the non-metastatic 
setting, there are insuﬃ  cient mature survival results in 
the literature, so further follow-up and engagement in 
planned meta-analyses are needed to further delineate the 
eﬀ ect of docetaxel on survival in this setting. The impact 
on failure-free survival is both clear and large in favour of 
docetaxel in STAMPEDE.
The case mix of patients joining the trial included men 
with newly diagnosed disease and a small proportion of 
patients with recurrent disease. The recurrent disease 
subset is small and thus it is unrealistic to look for 
statistically reliable results in such men; however, we 
note that estimates of the eﬀ ect of docetaxel are consistent 
with that seen in the population as a whole.
For zoledronic acid, there are now several trials showing 
no evidence of a survival gain with upfront use,14,35–37 as 
discussed in the accompanying meta-analysis. This 
contrasts with the results from MRC PR0515 with sodium 
clodronate (another bisphosphonate), in which a survival 
beneﬁ t was reported in a metastatic population. The 
Standard of care 
(n=1184)
Standard of care 
plus zoledronic acid 
(n=593)
Standard of care 
plus docetaxel 
(n=592)
Standard of care plus 
zoledronic acid and 
docetaxel (n=593)
Safety population
Number of patients included in analysis* 1228 608 550 516
Grade 1–5 adverse event 1213 (99%) 604 (99%) 550 (100%) 515 (100%)
Grade 3–5 adverse event 399 (32%) 197 (32%) 288 (52%) 269 (52%)
Grade 5 adverse event 5 1 4 6
Most frequent adverse events reported as grade 3–5
Endocrine disorder (including impotence, hot ﬂ ushes) 145 (12%) 74 (12%) 57 (10%) 64 (12%)
Febrile neutropenia 15 (1%) 5 (<1%) 84 (15%) 74 (14%)
Neutropenia (neutrophils) 6 (0%) 3 (<1%) 66 (12%) 62 (12%)
General disorder (including lethargy, fever, asthenia) 46 (4%) 28 (5%) 34 (7%) 56 (11%)
Musculoskeletal (including bone pain, generalised pain) 69 (6%) 35 (6%) 32 (6%) 44 (9%)
Gastrointestinal disorder (including diarrhoea, abdominal 
pain, constipation, vomiting)
36 (3%) 19 (3%) 45 (8%) 37 (7%)
Renal (including renal impairment, urinary-tract infection) 71 (6%) 30 (5%) 23 (4%) 25 (5%)
Notable adverse events
Respiratory disorder (including dyspnoea, upper respiratory-
tract infection)
27 (2%) 13 (2%) 29 (5%) 23 (4%)
Cardiac disorder (including hypertension, myocardial 
infarction)
35 (3%) 19 (3%) 16 (3%) 19 (4%)
Osteonecrosis of the jaw 0 (0%) 10 (2%) 0 (0%) 21 (4%)
Nervous system other (including peripheral neuropathy) 20 (2%) 8 (1%) 19 (3%) 19 (4%)
Nail changes 0 (0%) 0 (0%) 5 (1%) 4 (1%)
ITT population
Number of patients included in analysis† 1173 587 579 563
Grade 1–5 adverse event 1160 (99%) 583 (99%) 577 (100%) 562 (100%)
Grade 3–5 adverse event 375 (32%) 184 (31%) 298 (51%) 296 (53%)
Grade 5 adverse event 4 1 4 7
Grade 5 adverse events were not necessarily treatment-related; similarly treatment-related deaths were not always grade 5 adverse events. ITT=intention-to-treat.*Analysis 
by actual treatment initiated (irrespective of assigned study arm) in patients who underwent adverse event assessment. †Analysis by assigned study arm in patients who 
underwent adverse event assessment.
Table 5: Worst adverse event (grade) reported over entire time on trial
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companion non-metastatic trial showed no evidence of an 
eﬀ ect on survival with the same agent.15
Men in the STAMPEDE trial did better than we had 
expected in terms of survival. We believe this resulted 
from second-line and third-line treatments which were 
unavailable when the trial was designed. The timing of 
second-line therapy after relapse was similar across 
groups, but choice of which treatment to use was at the 
investigator’s discretion, and, consequently, was varied. 
This choice would have been aﬀ ected by local practice 
and availability of newer treatments over time, such as 
abiraterone, enzalutamide, radium-223, and cabazitaxel, 
as well as allocated treatment in the trial.
There are several strengths to note in the STAMPEDE 
trial and speciﬁ cally for the analyses reported here. First, 
the data were prospectively collected and randomised, 
from nearly 3000 men with patient characteristics that 
were well balanced by group, and we achieved good 
median follow-up (43 months). Second, the data were 
very recently frozen (May, 2015) at a pre-planned analysis 
point of roughly 400 control group deaths, meaning the 
primary outcome results are both well powered and have 
been reported promptly. Third, the patients contributing 
to these analyses came from more than 100 sites across 
the UK and Switzerland, suggesting the results 
to be generalisable. Fourth, the design allows easy 
understanding of eﬀ ect across multiple randomisations. 
Finally, treatment compliance among patients starting 
treatment was good.
We are aware that there are also limitations within the 
data. First, the proportion of patients not starting 
treatment, especially docetaxel, will have a small diluting 
eﬀ ect. Linkage to hospital records is required to report 
more detailed information on skeletal-related events. The 
impact of therapies that do not target androgen receptors 
on recurrence (as assessed by prostate-speciﬁ c antigen) 
is likely to be complex. Finally, power for assessing the 
consistency of eﬀ ects across subsets is inevitably low; we 
will report long-term follow-up in due course when the 
maturity will be much greater both across the trial and 
particularly in the non-metastatic subset.
In conclusion, we have shown improved survival across 
a population of men commencing ﬁ rst-line long-term 
hormone therapy through the addition of docetaxel 
chemotherapy but not by adding zoledronic acid. 
Therefore, zoledronic acid should not become part of 
standard of care. Standard of care should be updated to 
include docetaxel chemotherapy in suitable patients with 
metastatic disease, and docetaxel may be considered for 
men with high-risk non-metastatic prostate cancer with 
or without radiotherapy.
Contributors
NDJ designed these trial comparisons, was a grant holder, collected or 
collated data, interpreted data, wrote critical sections of the report, and 
reviewed and agreed the manuscript. MRSy designed these trial 
comparisons, was a grant holder, collected or collated data, performed or 
oversaw statistical analyses, interpreted data, wrote critical sections of 
the report, and reviewed and agreed the report. NWC, MDM, and DPD 
designed these trial comparisons, were grant holders, collected or 
collated data, interpreted data, and reviewed and agreed the report. 
MRSp collected or collated data, performed or oversaw statistical 
analyses, interpreted data, wrote critical sections of the report, and 
reviewed and agreed the report. AWSR collected or collated data, 
interpreted data, wrote critical sections of the report, and reviewed and 
agreed the report. CCP, JMR, GA, JdB, WC, RJJ, GT, CA, DM, RM, MA, 
SBe, AJB, SBr, RC, PC, SC, AC, TE, JG, SG, JDG, JH, RH, RL, FM, 
DBM, JMOS, OP, CCP, AP, AJR, NS, RS, JS, SS, ST, DT, and JW 
collected or collated data, interpreted data, and reviewed and agreed the 
report. MKBP conceived the original MAMS idea, designed these trial 
comparisons, was a grant holder, collected or collated data, performed or 
oversaw statistical analyses, interpreted data, wrote critical sections of 
the report, and reviewed and agreed the report.
STAMPEDE investigators and trial committees
STAMPEDE investigators (UK): Fawzi Adab, Adebanji Adeyoju, 
Imtiaz Ahmed, Christopher Alcock, Abdulla Al-hasso, Roberto Alonzi, 
Mymoona Alzouebi, Gerard Andrade, Stephen Andrews, 
Jawaher Ansari, Nicola Anyamene, Ashraf Azzabi, Amit Bahl, 
David Ballesteros-Quintail, Gautam Banerjee, Jim Barber, Karin Baria, 
Ronald Beaney, Sharon Beesley, Mark Beresford, Gianﬁ lippo Bertelli, 
Neeraj Bhalla, Rajanee Bhana, Alison Birtle, David Bloomﬁ eld, 
Jo Bowen, Joanne Brady, Robert Brierly, Sue Brock, B Brown Richard, 
Simon Brown, Michael Button, Philip Camilleri, Lisa Capaldi, 
Fiona Castell, Eliot Chadwick, Prabir Chakraborti, Andrew Chan, 
Olivia Chan, Natalie Charnley, Shan Chetiyawardana, 
Ananya Choudhurey, Ananya Choudhury, Simon Chowdhury, 
Mark Churn, Amanda Clarke, Noel Clarke, J Cole David, Audrey Cook, 
Richard Cowan, Simon Crabb, Michael Crawford, Perric Crellin, 
William Cross, Tathagata Das, Joe Davies, Joseph Davies, 
David Dearnaley, Jeanette Dickson, Sajid Durrani, Albert Edwards, 
Andrew Eichholz, Tony Elliott, Chinnamani Eswar, Alison Falconer, 
Catherine Ferguson, Daniel Ford, Victoria Ford, John Frew, Olivera Frim, 
Joanna Gale, Stephanie Gibbs, Hilary Glen, John D Graham, 
Warren Grant, Emma Gray, Teresa Guerrero-Urbano, Nishi Gupta, 
Abdel Hamid, Joanna Hamilton, John Hardman, Stephen Harland, 
Peter Harper, Catherine Heath, Ann Henry, Chris Herbert, 
John Hetherington, Esme Hill, Serena Hilman, Mohan Hingorani, 
Uschi Hofmann, Peter Hoskin, Robert Huddart, Robert Hughes, 
Simon Hughes, Azman Ibrahim, Suneil Jain, Sunjay Jain, 
Nicholas James, Peter Jenkins, Rob Jones, Mohammed Kagzi, 
Stephen Karp, Penny Kehagioglou, Kay Kelly, Pek Keng Koh, 
Manjusha Keni, Sara Khaksar, Omar Khan, Vincent Khoo, 
Peter Kirkbride, Anil Kumar, Muthar Kumar, Satish Kumar, 
Robert Laing, Carolynn Lamb, Maurice Lau, Kathryn Lees, 
Priscilla Leone, Jason Lester, John Littler, Jacqueline Livsey, John Logue, 
Carmel Loughrey, Anna Lydon, Carol Macgregor, Satish Maddineni, 
Rana Mahmood, Zafar Malik, Stephen Mangar, Malcolm Mason, 
Danish Mazhar, Ursula McGovern, Fiona McKinna, Duncan McLaren, 
Rhona McMenemin, Neil McPhail, Lucinda Melcher, Jamie Mills, 
Darren Mitchell, Natasha Mithal, Julian Money-Kyrle, Amir Montazeri, 
Stephen Morris, Diana Mort, Tanmay Mukhopadhyay, 
Dakshinamoorthy Muthukumar, Farhad Neave, Jackie Newby, 
Hugh Newman, Jonathon Nicoll, Ashok Nikapota, Helen O’Donnell, 
Peter Ostler, Joe O’Sullivan, Nachiappan Palaniappan, Miguel Panades, 
Michael Pantelides, Udaiveer Panwar, Omi Parikh, Christopher C Parker, 
Pugazhenthi Pattu, Alan Paul, Heather Payne, Ian Pedley, Clive Peedell, 
Don Phan Mau, Lisa Pickering, Katherine Pigott, George Plataniotis, 
Rick Popert, Emilio Porﬁ ri, Ravi Prashant, Stephen Prescott, 
Andrew Protheroe, Delia Pudney, Thinn Pwint, Prakash Ramachandra, 
Rakesh Raman, Yvonne Rimmer, Angus J Robinson, Peter Robson, 
Paul Rogers, Martin Russell, Ami Sabharwal, Azmat Sadozye, 
Vijay Sangar, Naveed Sarwar, Daniel Saunders, Ian Sayers, 
Christopher Scrase, Clara Sentamans, Richard Shaﬀ er, 
Devadasan Shakespeare, Denise Sheehan, Lin Shum Poh, Norma Sidek, 
Norma Sidek, Matthew Simms, Asha Sivapalasuntharam, Bruce Sizer, 
Mike Smith-Howell, Geoﬀ rey Sparrow, Thiagarajan Sreenivasan, 
Narayanan Srihari, Rajaguru Srinivasan, John Staﬀ urth, David Stewart, 
Simon Stewart, Andrew Stockdale, Ramachandran Subramaniam, 
Santhanam Sundar, Isabel Syndikus, Jacob Tanguay, Henry Taylor, 
Articles
1176 www.thelancet.com   Vol 387   March 19, 2016
Carys Thomas, Anna Thompson, Karen Tipples, Shaun Tolan, 
Anna Tran, David Tsang, Hans Van der Voet, Vilarino Varela Maria, 
Mohini Varughese, Ramachandran Venkitaraman, Balaji Venugopal, 
John Wagstaﬀ , Georgina Walker, Jan Wallace, Paula Wells, 
Charlotte Westbury, Matthew Wheater, Peter Whelan, Marie Wilkins, 
Paula Wilson, Marcus Wise, Katie Wood, Cathryn Woodward, 
Jane Worlding, James Wylie, Anjali Zarkar.
STAMPEDE investigators (Switzerland): Dominik Berthold, 
Richard Cathomas, Donat Durr, Daniel Engeler, Fernanda Herrera, 
Patrice Jichlinski, Razvan Popescu, Stefan Prensser, Cyrill Rentsch, 
Beat Roth, Bettina Seifest, Daniele Siciliano, Raeto Strebel, 
George Thalmann. 
Independent Data Monitoring Committee: John Yarnold (from 2014, chair), 
Chris Williams (to 2014, chair), Doug Altman, Reg Hall, 
Bertrand Tombal. 
Trial Steering Committee: Jonathan Ledermann, Jim Paul, David Kirk 
(to 2015), John Fitzpatrick (2014). 
MRC Clinical Trials Unit at UCL: Matthew Sydes, Max Parmar, 
Melissa Spears, Gordana Jovic, Rachel Jinks, Patrick Royston, 
Sophie Barthel, Babak Choodari-Oskooei, Daniel Bratton, Claire Amos, 
Sharon Naylor, Neil Kelk, James Latham, Jacqui Nuttall, 
Karen Sanders, Tom Fairﬁ eld, Charlene Griﬃ  ths, Francesca Schiavone, 
Alanna Brown, Orla Prendiville, Neil Kelk, Karen Sanders, 
Tom Fairﬁ eld, Charlene Green, Emma Donoghue, Tim Smith, 
Jacque Millett, Shama Hassan, Philip Pollock, Richard Gracie, 
Laura Van Dyck, Charlene Green, Elizabeth Clark, Sara Peres, 
Hannah Gardner, Dominic Hague, Katie Ward, Peter Vaughan, 
Andrew Whitney, Eva Ades, Hannah Babiker, Carly Au, Zhorah Khan, 
Nadine Van Looy, Zaheer Islam, Sajad Khan, Sarah Meredith, 
Ruth Langley.
Sanoﬁ -Aventis: Christine Geﬀ riaud-Ricouard, Paul Cadle.
Cancer Research UK: Kate Law (to 2015).
Declaration of interests
GA reports personal fees from Sanoﬁ -Aventis; personal fees and 
non-ﬁ nancial support from Astellas; personal fees from Novartis; grants, 
personal fees, and non-ﬁ nancial support from Janssen, personal fees and 
non-ﬁ nancial support from Roche/Ventana, personal fees and non-
ﬁ nancial support from Medivation, personal fees from Millennium 
Pharmaceuticals, personal fees and non-ﬁ nancial support from Abbott 
Laboratories, personal fees from Essa Pharmaceuticals, personal fees and 
non-ﬁ nancial support from Bayer Healthcare Pharmaceuticals, personal 
fees from Takeda, and grants from AstraZeneca. AJB reports other 
support from Janssen, Sanoﬁ , and Astellas, outside the submitted work. 
RC reports personal fees as a Consultant for Sanoﬁ -Aventis, outside the 
submitted work. SC reports grants and personal fees from Sanoﬁ -
Aventis, outside the submitted work. JdB reports advisory boards and 
paid participation for Sanoﬁ -Aventis. DPD reports grants from Cancer 
Research UK, during the conduct of the study; personal fees from Takeda 
Pharmaceuticals, outside the submitted work. TE reports that patients 
entering this study received docetaxel free of charge (Sanoﬁ ) and has 
previously received per-patient payment for entering patients in other 
commercial trials investigating docetaxel. JDG reports other support as a 
local principal investigator for a study of radium-223 in prostate cancer 
funded by Bayer, and other support as a local principal investigator for a 
study of LHRH antagonist in prostate cancer funded by Millennium 
Pharmaceuticals, outside the submitted work. NDJ reports grants and 
personal fees from Sanoﬁ , and grants and personal fees from Novartis, 
during the conduct of the study; grants and personal fees from Janssen, 
grants and personal fees from Astellas, and grants and personal fees 
from Bayer, outside the submitted work. RJJ reports grants from Sanoﬁ , 
and grants and non-ﬁ nancial support from Novartis, during the conduct 
of the study; grants, personal fees, and non-ﬁ nancial support from 
Sanoﬁ , grants, personal fees, and non-ﬁ nancial support from Novartis, 
outside the submitted work. MDM reports personal fees from Sanoﬁ , 
personal fees from Bayer, personal fees from Dendreon, personal fees 
from Bristol-Myers, and personal fees from Janssen, outside the 
submitted work. CCP reports personal fees from Sanoﬁ -Aventis, research 
funding and speaker’s honoraria from Bayer, and Bavarian Nordic and 
Janssen, outside the submitted work. MKBP reports funding from 
Cancer Research UK, Medical Research Council, Novartis, Sanoﬁ -Aventis, 
Pﬁ zer, Janssen, Astellas, NIHR Clinical Research Network (formerly 
National Cancer Research Network), and SAKK—Swiss Group for 
Clinical Cancer Research, during the conduct of the study. JMR reports 
personal fees from Janssen (lecture fee), outside the submitted work. 
MRSp reports grants and non-ﬁ nancial support from Sanoﬁ -Aventis, 
grants and non-ﬁ nancial support from Novartis, grants and non-ﬁ nancial 
support from Pﬁ zer, grants and non-ﬁ nancial support from Janssen, and 
grants and non-ﬁ nancial support from Astellas, during the conduct of the 
study. JS reports support for travel and speakers fees for the following 
companies in the ﬁ eld of prostate cancer, not related to this paper: 
Janssen Bayer and Astellas. SS reports personal fees and non-ﬁ nancial 
support from Sanoﬁ -Aventis, outside the submitted work. MRSy reports 
grants and non-ﬁ nancial support from Sanoﬁ -Aventis, grants and non-
ﬁ nancial support from Novartis, grants and non-ﬁ nancial support from 
Pﬁ zer, grants and non-ﬁ nancial support from Janssen, grants and non-
ﬁ nancial support from Astellas, during the conduct of the study; and 
personal fees from Eli-Lilly, outside the submitted work. ST reports other 
from Sanoﬁ , other support from Astellas, personal fees from Astellas, 
and other support from Janssen, outside the submitted work. JW reports 
a paid consultancy for Janssen. Abiraterone acetate was developed at The 
Institute of Cancer Research, which therefore has a commercial interest 
in the development of this agent. All other authors declare no competing 
interests.
Acknowledgments
DPD, CCP, GA, and JdB acknowledge support from the National 
Institute for Health Research to the Royal Marsden NHS Trust and The 
Institute of Cancer Research Biomedical Research Centre. Support for 
the STAMPEDE trial has been provided by Novartis Pharmaceuticals UK 
Limited (educational grant, free drug, distribution costs) and Sanoﬁ -
Aventis (education grant, free and discounted drug). Aﬃ  liations and full 
details of contributions made by STAMPEDE investigators are provided 
in the appendix page 11.
References
 1 Petrylak DP, Tangen CM, Hussain MH, et al. Docetaxel and 
estramustine compared with mitoxantrone and prednisone for 
advanced refractory prostate cancer. N Engl J Med 2004; 351: 1513–20.
 2 Tannock IF, de Wit R, Berry WR, et al. Docetaxel plus prednisone or 
mitoxantrone plus prednisone for advanced prostate cancer. 
N Engl J Med 2004; 351: 1502–12.
 3 de Bono JS, Logothetis CJ, Molina A, et al. Abiraterone and 
increased survival in metastatic prostate cancer. N Engl J Med 2011; 
364: 1995–2005.
 4 Scher HI, Fizazi K, Saad F, et al. Increased survival with 
enzalutamide in prostate cancer after chemotherapy. N Engl J Med 
2012; 367: 1187–97.
 5 Beer TM, Armstrong AJ, Rathkopf DE, et al. Enzalutamide in 
metastatic prostate cancer before chemotherapy. N Engl J Med 2014; 
371: 424–33.
 6 de Bono JS, Oudard S, Ozguroglu M, et al. Prednisone plus 
cabazitaxel or mitoxantrone for metastatic castration-resistant 
prostate cancer progressing after docetaxel treatment: a randomised 
open-label trial. Lancet 2010; 376: 1147–54.
 7 Parker C, Nilsson S, Heinrich D, et al. Alpha emitter radium-223 and 
survival in metastatic prostate cancer. N Engl J Med 2013; 369: 213–23.
 8 Kantoﬀ  PW, Higano CS, Shore ND, et al. Sipuleucel-T 
immunotherapy for castration-resistant prostate cancer. 
N Engl J Med 2010; 363: 411–22.
 9 Saad F, Gleason DM, Murray R, et al, for the Zoledronic Acid 
Prostate Cancer Study Group. Long-term eﬃ  cacy of zoledronic acid 
for the prevention of skeletal complications in patients with 
metastatic hormone-refractory prostate cancer. J Natl Cancer Inst 
2004; 96: 879–82.
 10 Smith MR, Egerdie B, Hernandez Toriz N, et al. Denosumab in 
men receiving androgen-deprivation therapy for prostate cancer. 
N Engl J Med 2009; 361: 745–55.
 11 James ND, Sydes MR, Mason MD, et al. Celecoxib plus hormone 
therapy versus hormone therapy alone for hormone-sensitive prostate 
cancer: ﬁ rst results from the STAMPEDE multiarm, multistage, 
randomised controlled trial. Lancet Oncol 2012; 13: 549–58.
 12 James ND, Spears MR, Clarke NW, et al. Survival with newly 
diagnosed metastatic prostate cancer in the “docetaxel era”: data 
from 917 patients in the control arm of the STAMPEDE trial 
(MRC PR08, CRUK/06/019). Eur Urol 2015; 67: 1028–38.
Articles
www.thelancet.com   Vol 387   March 19, 2016 1177
 13 James ND, Spears MR, Clarke NW, et al. Failure-free survival and 
radiotherapy in patients with newly diagnosed nonmetastatic 
prostate cancer: data from patients in the control arm of the 
STAMPEDE trial. JAMA Oncol 2015; 25: 1–10.
14 Vale CL, Burdett S, Rydzewska LHM, et al. Addition of docetaxel or 
bisphosphonates to standard of care in men with localised or 
metastatic, hormone-sensitive prostate cancer: a systematic review 
and meta-analyses of aggregate data. Lancet Oncol 2015; published 
online Dec 21. http://dx.doi.org/10.1016/S1470-2045(15)00489-1.
15 Dearnaley DP, Mason MD, Parmar MK, Sanders K, Sydes MR. 
Adjuvant therapy with oral sodium clodronate in locally advanced 
and metastatic prostate cancer: long-term overall survival results 
from the MRC PR04 and PR05 randomised controlled trials. 
Lancet Oncol 2009; 10: 872–76.
 16 Sydes MR, Parmar MK, Mason MD, et al. Flexible trial design in 
practice-stopping arms for lack-of-beneﬁ t and adding research arms 
mid-trial in STAMPEDE: a multi-arm multi-stage randomized 
controlled trial. Trials 2012; 13: 168.
 17 Sydes MR, Parmar MK, James ND, et al. Issues in applying 
multi-arm multi-stage methodology to a clinical trial in prostate 
cancer: the MRC STAMPEDE trial. Trials 2009; 10: 39.
18 Parmar MK, Barthel FM, Sydes M, et al. Speeding up the evaluation 
of new agents in cancer. J Natl Cancer Inst 2008; 100:  1204–14.
 19 James ND, Sydes MR, Clarke NW, et al. STAMPEDE: Systemic 
Therapy for Advancing or Metastatic Prostate Cancer—a multi-arm 
multi-stage randomised controlled trial. Clin Oncol 2008; 
20: 577–81.
 20 Barthel FM-S, Royston P, Parmar MKB. A menu-driven facility 
for sample-size calculation in novel multiarm, multistage 
randomized controlled trials with a time-to-event outcome. 
Stata J 2009; 9: 505.
 21 Wason JM, Stecher L, Mander AP. Correcting for multiple-testing 
in multi-arm trials: is it necessary and is it done? Trials 2014; 
15: 364.
 22 Follmann DA, Proschan MA, Geller NL. Monitoring pairwise 
comparisons in multi-armed clinical trials. Biometrics 1994; 
50: 325–36.
 23 Cook R, Farewell VT. Multiplicity considerations in the design and 
analysis of clinical trials. J R Stat Soc Series A 1996; 159: 93–110.
 24 Royston P, Parmar MK. Flexible parametric proportional-hazards 
and proportional-odds models for censored survival data, with 
application to prognostic modelling and estimation of treatment 
eﬀ ects. Stat Med 2002; 21: 2175–97.
 25 Sweeney CJ, Chen YH, Carducci M, et al. Chemohormonal therapy 
in metastatic hormone-sensitive prostate cancer. N Engl J Med 2015; 
373: 737–46.
 26 Gravis G, Fizazi K, Joly F, et al. Androgen-deprivation therapy alone 
or with docetaxel in non-castrate metastatic prostate cancer 
(GETUG-AFU 15): a randomised, open-label, phase 3 trial. 
Lancet Oncol 2013; 14: 149–58.
 27 Franke RM, Carducci MA, Rudek MA, Baker SD, Sparreboom A. 
Castration-dependent pharmacokinetics of docetaxel in patients 
with prostate cancer. J Clin Oncol 2010; 28: 4562–67.
 28 Omlin A, Sartor O, Rothermundt C, et al. Analysis of side eﬀ ect 
proﬁ le of alopecia, nail changes, peripheral neuropathy, and 
dysgeusia in prostate cancer patients treated with docetaxel and 
cabazitaxel. Clin Genitourin Cancer 2015; 13: e205–08.
 29 Smith TJ, Khatcheressian J, Lyman GH, et al. 2006 update of 
recommendations for the use of white blood cell growth factors: 
an evidence-based clinical practice guideline. J Clin Oncol 2006; 
24: 3187–205.
 30 Aapro MS, Bohlius J, Cameron DA, et al. 2010 update of EORTC 
guidelines for the use of granulocyte-colony stimulating factor to 
reduce the incidence of chemotherapy-induced febrile neutropenia 
in adult patients with lymphoproliferative disorders and solid 
tumours. Eur J Cancer 2011; 47: 8–32.
 31 Schweizer MT, Huang P, Kattan MW, et al. Adjuvant leuprolide 
with or without docetaxel in patients with high-risk prostate cancer 
after radical prostatectomy (TAX-3501): important lessons for future 
trials. Cancer 2013; 119: 3610–18.
 32 Gravis G, Boher JM, Joly F, et al. Androgen deprivation therapy 
(ADT) plus docetaxel (D) versus ADT alone for hormone-naïve 
metastatic prostate cancer (Pca): long-term analysis of the 
GETUG-AFU-15 phase III trial. Proc Am Soc Clin Oncol 2015; 
GU (suppl): 140 (abstr).
 33 Fizazi K, Laplanche A, Lesaunier F, et al. Docetaxel–estramustine in 
localized high-risk prostate cancer: results of the French 
Genitourinary Tumor Group GETUG 12 phase III trial. 
Proc Am Soc Clin Oncol 2014; 32 (suppl): A5005.
 34 Sandler HM, Hu C, Rosenthal SA, et al. A phase III protocol of 
androgen suppression (AS) and 3DCRT/IMRT versus AS and 
3DCRT/IMRT followed by chemotherapy (CT) with doxetaxel and 
prednisone for localized, high-risk prostate cancer (RTOG 0521). 
Proc Am Soc Clin Oncol 2015; 33 (suppl): LBA52022.
 35 Denham JW, Joseph D, Lamb DS, et al. Short-term androgen 
suppression and radiotherapy versus intermediate-term androgen 
suppression and radiotherapy, with or without zoledronic acid, in 
men with locally advanced prostate cancer (TROG 03.04 RADAR): 
an open-label, randomised, phase 3 factorial trial. Lancet Oncol 2014; 
15: 1076–89.
 36 Wirth M, Tammela T, Cicalese V, et al. Prevention of bone 
metastases in patients with high-risk nonmetastatic prostate cancer 
treated with zoledronic acid: eﬃ  cacy and safety results of the 
Zometa European Study (ZEUS). Eur Urol 2015; 67: 482–91.
 37 Smith MR, Halabi S, Ryan CJ, et al. Eﬃ  cacy and safety of 
zoledronic acid in men with castration-sensitive prostate cancer and 
bone metastases: results of CALGB 90202 (Alliance). J Clin Oncol 
2014; 13: 27. 
